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PHYSTCAL CHFMISTRY OF FXOTHFRMIC GAS-AFROSOL CALORIMETRY

1.  INTROMUCTION

infrared radiat.on .n the atmosphere above norma. background .eve.s can
te produced in & variety of wayas. For example, combuation gnses1 can produce

sipn.ficant amounts of radistion in the infrared region {2-20 um). However,

tne total mass of material, and thus the radiant emittance, .as small. In

PSS S

addit.on, the gas cloud rapidly cools and disperses. Tn order to

aipn.ficantly increase the amount of airborne material, an aserosol must be

emp.oyed.
At ambient temperatures (25°C) the maximum of the blackbody emiasion
curve i8 at about 1030 cm'1 (9.7 ym), which means that a few degrees increase

. in temperature will produce an increase 1n spectral radiance on the other of

- W

e ) . N -

L

5% at 5-10 um. A highly conducting and absorbing substance may approximate a
b.ackbody, but most real amerosol particles will at best be “"grey"” bodies with

perhaps some superimposed structure (selectivity). The (equilibrium) thermal

T —
BT ST S
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emittance of an aerosol particle will therefore be less than that of a

blackbody at the same temperature, according to Kirchoff's Law. A second and

L
-

more selective method could involve the production of infrared fluorescence.

This would have the advantage of being selective as to wavelength range and

..
,“"’,q.-\“ LN

would thus also require much less total emergy input.

Y
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In order to accomplish the deaired goal, an exothermic chemical reaction

must be employed to raise the temperature of the aerosol particle above

. <

A
L

ambient. This reaction must ultimately involve either the reaction of a gas

.

>

with the aerosol or the simultaneous generation of a very highly disperse co-
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aerosol which will rapidly coagulate with the coarser aerosol and react. This

-
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"
v

18 technically more difficult, and there would always be the problem of the
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nipn.y d.aperse aeroso. coapiuiat.ng with itself. Tn the former cafe, the pgasn
cou.d be penerated an oo ve.al, e CO=a0roto,.
A .arpe namper of cnemieai resction studies nave been performed on the

apper end of tne partic.ie a,ze apectrum with repsrd to the combuastion of fuel

“
aprays and dust clouds.’  Tnese ynvo.ve particiens - ine naper-miCron range

“eoenC ymd. Cnemacal reactions respons.bie for nelerogeneous nuc.eation have

, 7.5 . .
ALl80 Pteen jnvest,gated, and tne partic.e s.zes nere are below 0.1 um.

Yoawever, oree neroso.s are produced eitner by nucleation and growth in the

atmospnere or by nebulization followed by settiing and coapulation, most of

tnese arn.eve A relative.y stable ex.stence in the O.1-10 yum range as smokes,
(S .
fopr etr, These syatems are po.ydisperse, Wwith number densities general.y

- - 7 - .
_eas tpap 10°cm . Nonethe.ess, ihere have been relatively few studies of the

react,ons of gases with aerosol particles in ihis size regime.

Q Tn princ.p.e, the reaction rate may be controiled by gas phase diffusion

"

of reactants and/or products in the particle, by the bulk chemical reaction,
or by processes occurring .n the drop.et interface region. Cadle and Robb;nsg -
nave developed equations for some limiting cases and appiied them to the 5%
v reaction of ammonia w.th sulfuric acid aerosols in the 0.2-0.9 um range and ' i

to the reaction of NO? with a sodium chloride serosol. Tn the former case, it

Y

} was auggested that the rates in concentrated H?SO4 droplets were controlled by

UL PP SRV

diffusion of reaction product in the particle. In dilute H?SO4 droplets, the
rate was too fast to measure on their apparatus, and it was presumed that the

rate was controlled by gas phase dxffusxon.g'q

g ———

k2
There nave m.80 been a number of studies of the metal-catalized oxidation : é"
0 ol
of 302 in aqueous aerosols. Johnstone and Coughnnour,1 using a suspended .2
Pl
S8
500-1000 um drop concluded that the reaction was liquid phase controlled with $J;-1
o
a.. of the reaction occurr.ng in the outer shell at high manganese X

o
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oncentration. At lower calalyst concentration, the 80, penetrated to the

certer of une drop.  The oxidation of €0, in 100-1000 u aqueous ammonia drops

"

wit wiro controlled by liquid phame d.ffusion. However, extrapolation of

‘ne manganese catalyzed oxidation rates in the supermicron drop to an

atmaspneric fop of 20um droplets predicted a rate 500 times than that
12

aracrved. .

RBecaure of the importance of atimospheric react10ns,13

stud.es have
forused on water droplets and reactions involving SO?, NOQ, NH,, H2504 and
var.ous metAa. salts. Tn these cases, the complex reactions are generally also
accompanied by droplet growth. This is not the case in the well-controlled

14

react.on of submicron sized !'-octadecene droplets with bromine gas.

Although, this reaction is slow and not highly exothermic. Nonetheless, these

astudies do indicate that 1t should be possible to produce thermal emission as T

‘ a result of a gas-aerosol reaction. ;
) T™he objective of this work was to investigete by means of exothermic ; ?
reactions between aerosols and reactant gases the production of infrared ji

rad.ation above normal background levels. The first stages of this “3

investigation involved an examination of the feasibility of observing such : f

‘ vl
infrared emission by examining a number of candidate (model) gas-aerosol i %

systems. The reaction of s chlorosulfonic acid aerosol with smmonia/water 9’%

ol

vapor as the reactant gas was found to give reasonable emission levels, and ijz

., was used for a confirmation of the feasibility studies. This work 1is l.i
described in the proceedings of the Chemical Systems Laboratory (csL) Ai

Conference on Obscuration and Aerosol Research (1979 and 1680), and summarized

16-17

»

A .

.n a final report to the US Army Research Office.

In the second stage, a more quantitative study of gas-aerosol reactions

k.s- -
v, oF e ¥
pul .
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was initiated, and experimental methods were further developed. Temperature-

distance and radiant emittance-temperature profiles were obtained, and a new

> ,;.& LR
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monodisperse aseroso. generator was deaigned. ™his is deacribed and summarized
in the proceedings of the 198t CSL Conference on Obscuration and Aerosol
20

18 19
Regearch, a lecnhnical report, and journal article.

We report nere on the operating characteristics of the monodisperse

aeroso. generator, the design of a flow aystem for kinetic studies, and the S
determination of the spectra. distribution of the infrared radiation emitted f

from the reaction of chlorosulfonic acid aerosol with NH; and water vapor. !

2. AFROSOL GFNERATOR

A schematic of the apparatus is shown in Figure 1. Helium carrier gas {
produces NaCl nuclei in the furnace (B), and this gas stream 1s then used to :
atomize the liquid in the nebulizer (E). The concentration of nuclei may be ;
controlled by both the flow rate and the length of tubing between the furnace { :

B g and nebulizer. The syringe pump 18 adjusted to maintain a constant level of i
liquid in the nebulizer to provide a constant output rate. The total amount i,
of liquid in the nebulizer is about 10ml, and a syringe of any convenient size F?
may be employed. Typically, 10ml of liquid will provide about two hours of 'é
E -‘ continuous operation. The polydisperse aserosol entering the heated zone (H) E
5 1s vaporized, and part of this vapor is recondensed on the salt nuclei in the »'5
L]
air and vater cooled chimney sections {J and K). The homogeneous i
(monodisperse) aerosol emerges from the outlet (L). Once the furnace and
evaporator are at temperature, the colors of Higher Order Tyndall Spectra
(HOTS) ere observed within a few minutes of turning on the carrier gas supply ;i‘
{(meintained at 20 ps. guage). The aerosol output stabilizes within ten ;§'
~w
minutes. i}‘
-3

The entrance chamber (G) is 2 cm inside diameter (I.D.) and 14 cm long. ;57

The tube from the nebuliger enters about midpoint. This tube connects via a :3

24/40 standard taper to the evaporator (H) and air cooled chimney (J) which is
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n aingie tube of 1.5 cm T.N. and *% cm long. A length of 25 cm wrapped with
neal.ng LApe is the evaporator section (H'. ™ne water cooled condensor ‘K) .is
2 cm long witn a 1.2 em T.N., and connects to (J) via a 20/40 jaint. The
ontiet (LY s a reduction fitting wnich necks down within 7 em to a 0.6 om
T.T. tube from whicn the aeroso. emerges.

Tne nebul.zer cutput increasea sil.phily with increasing fiow rate [~ %5
L'minY, althougn the mass concentration was approximately constant st 2.5 +
eon oy 1077 /L (7%% of thia 18 lost in the entrance chamber). The
po.yd.sperse aerosol entering the heated zone is completely vaporized at 1259
as ev.denced by the lack of botn wall condensate and any v.s:ble aerosol for
about 2-% cm mbove the heating tmpe. Most of the remaining 25% represented by
th.s vapor is lost be condensing on the walls of the cooling chimney, and only

about 17 emerges as homogeneous aerosol. ™he evaporation temperature does not

appear to be too critical as long as it 13 above gome critical value. For

rxample, at a flow rate and furnace temperature of %*.*!/min and QQOOP'
respectively, essentially the same polarization ratioc curves were obtained for
evaporator temperatures of 100°, 125°, and 150°C, However, at 7590,
appreciable polydispers.ty was evidenv.

A number of experiments were carried out under a fixed set of conditions
in order to test the stability and reproducibility of the generator. By
stability, we mean the uniformity of the particle radius as measured over a
given period of steady operation of the generator, usually from several nours
a day. The stability 1s 1llustrated by the the results in Table ! obtained
over a period of 3 hours. Tnese have been selected from among scores of
simiiar results as being typical of the performance of the generator. ™he
mean radius is 0.628 yum with a relative atandard deviation of (.49, Ry
reproducibility we mean uniformity of the particle size under the same

operating conditions on different days or on the same day, with an intervening

11
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per.od wnen ine generalour was o tner snpat down or operated under 4, ffrront

cond.tiona.  Tne data on Mar e 7, taken over a four mentn per.od, oo e
Gf e s moand norelat,ve suandurd deviation of 1.69
Table 1. Aerosol Generator Stability Under Continuous Operation at a Furnace
Temperature 590°C, Evaporator Temperature 125°C, ard Helium Flow Rate of 3.3
Liters Per Minutes
Ran mime (=,nd Radius ( um)
- e n,R1F
- 0 0. R28
100 an 0RO
1e 110 N.ARTY
% ! 18 130 n.koR
25 150 N.h29
r ®
‘ ! Note: ™he radii were determined from light scattering measurements by the
po.Aarizat.on ratio method at two wavelengths,

12

L




Table 2. Aerosol Generator Reproducibility (Vide Text) ' ‘
Run Time Radius (“ﬂl
5 30 min. N 620
9 % hours 0,620
16 f hours N.AR1E
25 10 hours n.A25
26 0.F40
24 2 days 0.619
5 0.k28
4R 8 days N.h2R
40 0. 670 !
60 20 days 0.640 L 3
61 0.6%0 -
§ .
' 72 2 months 0.610 =
i
7% 0.610 3
as 4 months 0.6%4 —~ -}
86 n.62e A
L 4 ; i
I
Note: Same conditions as in Table !, _5
‘i
3
L3

The effect of flow rate on radius number concentration 18 shown in
figures 2 and 3. The radius decreases with increasing Jven temperature and

increasing flow rate due to an increase ;n nuclei concentration and possibly a

p

b1t less mass tranafer in the evaporator and a bit more condensation loss in

21 &

b R L anh

the chimney. This type of behavior hes been observed in other generators. Foa {
e
2N
Since the number concentration increases linearly with flow rate and the mass &,;.1
o
concentration does not vary greatly (1.5 + 2.5 x 1074 g/L) the nucley &)
concentration is roughly proportional to the flow rate.
13 3

WM
L/
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Tnat tne part,cLe radgan on thaas penerator doea un fact depend on tne

eXLArnAL NUCLe, coneenlral.on o oanown by tne data un Tnable 7, Vary,re

enpine of Typon Lubane were nnerted between tne furnace and tne neral . cer o

remove tne nucle, by diffasion (o the wa.l thus decresa ng Lregr
cuneentrataon., ke expecied, tne dAroplet radias L rereaner,
Table 3. Effect of Decreasing Nuclei Concentration (Increasing Tubing Length) On
Particle Radius at a Furnace Temperature 725 C, Evaporator

: Temperature 125 C, Helium Flow Rate 3.3 Liters Per
: Minute (Vide Text)

Lun Lenptr Radius of particie [ um)
o0 A 0,804
101 2.00 0.500
R
120 2.00 0.50€ < oa
! 107 2.00 0.501 ;
e 7.80 0.547 %
-y
=X 7,80 0.545 K
X
12D 7,80 0,540 , -
v 175 15.00 0,630 .
{ ¢
17F. 15.00 0.6%6 boe
177 15,00 0.628 >
*
R 140 20.00 0.704 1
S .
s 141 30.00 0.710 '!
142 30.00 0.707 A

-

T+t may alsoc be mentioned that we have also successfully generated

.
i

monod.sperse aeroso.s8 of sulfuric acid and chlorosulfonic scid in this

‘.

‘!
o Ao vy of

A

penerator. All the components are glass, and the only change is the b

rep.acement of Typon with flexible Teflon tubing.

%
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LIGHT SCATTFRING MEACURFMENTS
Prioce-Phoen.x series 2000 [ipght arattering photometer was employed for
restaring the acattered [1gnt intensity. The aerosol was flowed through a

to that described by Matijevie, ¥Vitani, and Verker. The only

v

SeLLoaumilar
mo4.fication was the addition of a sheathing gas {nitrogen) flow of 2.1 1/mn
aruvand the (niet tube to improve columnation and stability of the smerosol
stream.  The standard alit in front of the photomultiplier wss replaced by a
circular aperature of 1 mm diameter in order to minimize the solid angle
subtended by the photomultiplier. The .nternal surfaces of the cell were
painted bliack to reduce ref.ections and stray light. Signals corresponding to
tne antensitiea of tne vertically and horizontally polarized components of the

scatiered ..ght were measured at 2° intervals between 50° to 130°., ™he 4%6-

and 546~ nm lines of the mercury lamp were employed for all of the

measurementa. A background correction, taken with no aserosol flowing, was

appiied to the scattering measurements. After a set of background and sample
.ntensities were obtained as a function of angle, the set waa repeated to

ensure constancy of the aerosol concentration and flow pattern. No

po.arization of the mercury light source was detected at any scattering angle.

4. MICROSCOPF MFASURFMENTS
Tne aerosol was d.luted by a factor of about RSO0 and allowed to impinge

on a rleaned glass microscope slide from a tube of 0.7 em T.DP. The slide was

exam.ned under a RETCHERT Light Microscope model number 324882 at a

magnification of 1300X. A photograph is shown in Figure 4. ™he drops are

somewnat distorted from collision with the slide. However, measuring both the

major and minor axis of each drop yields a mean radius of 0.65 um. which, may
be compared with a modal radius of 0.A% um from the light scattering

measurements (vida infra).
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5. MASS CONCFENTRATIONS

The mass conrentrations reported here were all obtained by allow.ng the
aerorol siram to pass througn N.5— um milipore filters, 1 inch in diameter, in
tef.on no.dera. Aerusol was col.ected for 15 minutes, and the fiiter
assemblies weigned on a five-place Mettl.er balance, model H1®. The nebulizer
rate was obtained by weigning the nebulizer operating by .tself. Tne flow
rates were measured by means of ACF (Class Incorporated, Vineland, NJ Model

#7881 rotameters using #36 glass floats.

A. INFRARFT FMISSION

The apectira. distribution of the infrared (TR) emission from the gas-
aeroso. reaction has been determined employing the experimental apparatus
shown in Figure 5. The reacting aerosol stream from the reaction tube passes
in front of a remote chopper placed in front of the monochomator. Since only
chopped radiation 18 detected by the pyroelectric radiometer, this eliminates
emission from the monochromator itself, which has been found to constitute a
significant background interference. Using this arrangement, a perfectly flat
baseline 1s obtained over the wave length range examined to date (2-15 um).
The function of the concave mirror is to focus as much of the emitted IR
radiation as possible on the entrance alit of the monochromator. Low
intensity, resulting in low signal to noise, 18 a significant problenm.
Operating withwide-open slits, the bandpass 18 1.6 um. We have examined the
effect of decreasing the slit width down to a bandpass of 0.72 um. "he half
width of the emission bands narrow, but the band maximum are unaffected.
Therefore, in the present study all spectra were obtained at low resolution.

Por reference purposes, spectra were also obtained by fixing e graphite
rod in place of the aerosol stream. The rod was bored out, and a resistance

heater inserted. ™he surfsce temperature of the rod was measured by means of
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n flat thermistor. Thia arrangement was used in order to provide 8 heated
(npproxxmate) blackbody source of the same geometry ns the amerosol stream. As
a second reference, a flat plate target was positioned in place of the mirror.
Tn.s was a blackened metal plate through which water was circulated to control
the temperature.

A spectrum of the IR emission from the reaction of a chlorosulfonic acid

aerrosol with gaseous ammonia and water is shown in Figure 6, The two

reference spectra are also shown. These specira have not been corrected for

the monochroator response (the grating 1s blaged at 8 y). The reference

spectra sre blackbod.es at least to the extent that the maxima obey the Wien
d.splacement law. The emisaion spectrum from the gas-aerosol reaction is seen
L0 consiat of two principal bands centered at about 't and '3 u . The nominal
temperature of the reacting aerosol stream as measured by a thermiator 1s
?2°C, the sae as that of the reference targets. Thia ‘nominal’ temperature
however is not necessarily either the drop or gas temperature. The total
intensity emitted by the reaction is about 15% of that emitted by the graphite
rod.
It 18 1mmediately evident that the aerosol is not emitting as a

lackbody. It may also be noted that the emission should be coming from the
aerosol particle since nitrogen does not emit here. There is of course some
water vapor and ammonia gas also present at lower concentration. Water vapor
does not have any major absorption bands in the 11-13 um region, while NH,
it mseems unlikely that the

does have a maximum at about 10.5 um. Therefore,

observed lum emission is due to heat transferred to NH; gas.

17
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Aaide from the earrier and renctant gasea, wnat possible materials may be
4 A
preaent during the courae of the renci,on” Tome of the poasibiliitien o

Laated pelow.

Substance Pnase

TITeGH Tiiagaad “inreacted acras )

NH L a0l:d (aerosol) or solution (aerosol)
NN, solid (neroasol) or solution (aerosol)
NS0, 80114 (aeruscl) or soiution (aerosol)
HAT0, i.amid “nerosol)

g gns or solution (aerosol)

Tt 18 Also conceivable that species such as NH,CISO; can exist for short
reriods .n the Aerogol part.co.e. An important question that we then wish to
anawer .s une source of the observed em.ission. In Figures 7 and f 18 shown
tne em.ss.on spectiru of thermally heated samples of NH,Cl, ’NHA\2SOA and
~1SP,H.  The solid salta were pressed into KPr discs and placed in a heated
cell nolder .n front of the chopper. The liquid CISOzH was placed between
auArtz plates in the same cell holder. Appropriate background corrections for
VPr and quartz were ade, all at 50°C.  In addition, a CISO4H aerosol was
tnerma..y heated to 50°0 by passing 1t through a hot tube. As shown in Figure
%, poth the neated bulk and aerosol CISOsH gave the same eission spectra. In
all cases, tne observed emission maxima correspond to the absorption maxima .n
the IR spectra of these substances. Of the three materials examined thus far,
on.y CISO4H has a band at '1um and none have a band at 13um.

Wnat 18 perhaps more important to note 18 that no other emission bands in
tne R-1S um region Aare observed from the gas-aerosol reaction, while all
bands are observed from thermally heated samples. Therefore, one possibility

.48 that the 11 and '3 um bands are from a substance (or substances) which
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nave no other bands al wavelengtha shorter than 11 um. A second and aquite t ‘
SlrLeaane posa bility 18 that non-equilibrium emiasion 18 being observed.

Tr.m means tphat some .nitial atage of the reartion leads to the population of

1 particaiar noral mode of a product, reactant or adduct, which then directly

emute ratner tnAn d.stributing the vibrational excitation to other modes or to

tne lattice (L .e., in effect, TR cheiluminescence). At this point,

“nemaluminescence 3 atill speculation and further atudies will have to be

performed to anawer 4n.s question.

7. RFACTION KINFTICS

¥We are designing a system in which to examine the kinetics of the

~e

reaction between the gas and the aerosocl. Monodisperse aesrosols will be

(3N
L ach

' emp.oyed, and rate stud.es performed as a function of droplet diameter and

reactant gas concentration. The first reaction which will be examined 1s that

i ke

bpetween paseous N¥, and sulfuric acid aerosol. This system has been chosen

o

-
.

=]
since it has been previously examined. Tn addition, it has also been shown

TP

17

to produce IR emission and is chemically simpler than the CTISO,H system.

; This apparatus will also be used subsequently to examine the CISO,H aerosol

.

reaction. The basic idea 1s to react the amerosol and gas for specified

lengths of time determined by the flow rate and reaction tube length and

&,

ViarTamtt | e sista

.

diameter. Tne gas ia then separated from the aerosol using molecular sieves,

s f

[
ik
."-'

r
PRy

and the serosol collected and analyzed {Figure 9).

The generator used for producing monodispersed aerosol has already been

discussed above. The aerosol generator employed in this study produces

monod.spersed aerosol at flow rates between 277 cmx sec.". The mean diameter

v,
[}

of the aserosol is about 1.0 um, which is determined on a Rrice-Phoerix light

.

3
v

"
.

gy‘.ﬁﬁ}-;u*
; lfens

scattering photometer by measuring the polarization ratio. Using the asbove

: e’

aeroso. diameter, the number concentration is 1.2 x 105cm'1.
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The pan-acrosui mixer .8 constructed of glasa (Fipure 10Y. On opposite
a.des At tne rounded end of A cylindrical ceil, 10 mm in diameter and 30 mm
sung, are wo orif.rea w.th '.9%-mm openings. At the outlet of the pas-aerosol
mixer 18 a 14/70 ground p.ass female fitiing to accomodate the 10 mm d.ameter
react.on co.dmna. Anotner m.xer .s a.iso constructed witn the same type of
dea.gn and V.%-mm orifices. However, tne diameter of the latter deaign is
.ncreased 1o 0 mm and ine ground giass fitting increased to 24/40 to couple
w.th tne 20-mm d.ameter reaction columns. The 1.8-mm orifices accelerates the
ncom.ng gas and meeroso. Lo A velocity sufficient to achieve thorough mixing.
T™he gas-aerosol becoes laminar immediately afier leaving the mixing zone
because of the reletively large cross sectional area of the cell cavity. Tnis
benavior 18 observed by employing a visible tracer. Hydrogen chloride gas 1is
introiaced through one orifice and ammonia gas through the other. Moreover,
tne Reyno.ds number for the 10-mm and 20-mm reaction columns are calculated to
be 139 and 278 respectively. Roth of these figures are well in the range for
.aminar flow.

The reaction columns are cyclindrical glass tubes of various lengths.

For short reaction ties, 10-mm glass tubes with 14/20 ground glass male
f.ttings at eacn end are used. In the interest of avoiding cumbersome
lengths, the 20-mm glass tubes with 24/40 male fittings are employed at long
reaction times.

Also, A system has been designed to monmitor and control the reagent gas
concentration. ™his system consists of a micro-flowmeter ranging from 0.0 to
15.0 ml/min and a micro-flow valve with a vernier scale to ensure reproducible
flow settings.

The separation column ia Bémm 1n dismeter which effectively increases the
residence time of the gas-aerosol mixture to increase the extraction efficency

of ammonia gas from the aerosol mixture. Moreover, the intake ends and
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exhaust ends are tapercd at 45 degrees (o prevent sudden changes in volume
wn.ch in turn eliminates turbulience. The overall lengths of the separation
cavitiea are 10 cm witn a 24/40 female fitting at the intake end for .ong
reaction timea and a 14/20 female fitlinp at the .ntake end for short reaction
times. PRoth separation columns have 24/40 male fittings At the exhaust end.

At the exhaust end of the separation column .8 a 24/40 ground glass male
fitting. A glass cap is placed in the exhaust end of the separation column
wnicn reducea to 1’4-i1nch teflon tubing. ™The reason for A nonhermetic
aeparation system 18 because of mo.ecular sieve replacement and cleaning ease.
"ne collection device i8 a 47-mm filter holder. A 47-mm teflon filter with a
".5%—m pore s.ze 18 used for collecting the aerosol. The teflon filters after
co..ection of aerosol are trested with 0.5 ml of ethanol t0 make the teflon
wettable for aqueous extiraction. The filters are then submerged in a glass
titration beaker containing 50 ml of water. The glasas titration beaker is
tnen subjected to ultrasound to facilitate and ensure complete extraction.

Ton chromatography is used to analyze both the ammonium ion concentration
and sulfate ion concentration. Jon chromatography has the advantage of
determining the relative ammonium to sulfate ion concentration. Tt turns out
that this feature 13 & necessity, on account of the lack of reproducibilaty in
the sulfuric acid concentration. The lack of reproducibility stems from the

1088 of sulfuric acid on the molecular sieves. A calibration curve for the
sulfate 1on is very linear with a correlation coefficient of 0,9999%4. On the
other hand, the calibration curve for the smmonium :10n 18 nonlinesar. Since
the detector in the Dionex ion chromatotron is a conductivity probe, the
nonlinear benavior 18 expected for a weak electrolyte.

Before conducting the kinetic reactions an ambient flow rate of ammonia
18 determined. A value of 0.23 ml/min is sufficient for the gas-aerosol

reaction without breaching the sieve column. Ising the above ammonia flow
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rate, .n O.08T4 aeer, O porcent of tne 1.0 am oasulfarge neid aetosol nns
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TR NINTRIPUTION
Wnen oxam.n.ng pan-serosg, react.onn asg a funct.on of particle aize one
c .ntereated, beaides the kinetica, in know.ng the particlie s;7e and Lhe aize

d.str.but.on, (.r., monodiaperaity. Also, scme information ran be pained from

Avterm.n.np tne =,7e diatribation before and after a reaction. Fometimea t

.2 neceasary Lo see .¢ the monod.isperaity changes as a function of time. To
Aeterm,ne s;ze distribation, techn.quea like monochromatic lipht scattering
are emp.cyved o measure the polarization ratio ané impactors wnich are time
ronsam.ng and laborious. Ua.ng a monochromatiec light source will afford the
pariicle a.ze put only gives some indication of their monodisperaity.
Farinermore, many parameters must be determined or known to calculate particle
s.7e, i.e., wavelength of incident light, detection angle of scattered light,
and refractive index of the aerosol component. Tn other techniques, such as
electron m,crouscopy, preparatory steps must be taken to ensure the integrity
of tne droplet shape on the slide. The above techniques will not yield
.nstantanegus or “on line” data.

Ry employing a computer based white light scattering instrument no
previous knowledge of the aerosol composition 1s required. The polychromatic

s.pht source el.minates the dependence on incident light wavelength and

detection angle. Additionally, no Mie acattering calculations have to be
performed to generate sacatterinpg pattern graphs for comparison with Mie
scattering data.

The design of a white light scattering instrument can best be described

by Aividing 1% up into four major components: optics, electronics, analog to

d.gital convertor, and microprocesasor.
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™ne opticAal asyatem consiata of Aan optiral cavity, tungsten flilament
campl T owllta, 0016 amp Y, rondenser lena, fixed sl.t relay .ena, light trap
rarabolic morror, focua [ens, and photomultiplier tube (Fipure 1), "™he lipht
“rom tne lungaten fi.amentl lamp passes through condensing jens and focused on
tnp.Cfxpd ].11, Wwnich def.nes the croas section of the beam. The lignt then
passes Lhrougn the relay lens and the .mage of the fixed siit 1s focused on
tne ax,s of tne flow tube. Tf no particles are present all of the light from
tne peam is comp.etely absorbed by the light trap. The light trap .s placed
at such A distance from the i1mapge focal point, as to capture all of the
d.vergent source .1ght and none of the scattered light. Tn the preaence of
aerosol particles some of the incident light is scattered and reflected off
the paraboi.c m.rror and directed towards the focus lens. At the focua lens
tne acattered light converges on a dinode in the photomultiplier tube. The
e.ectrical current given off by the photomultiplier tube is proportional to
the intensily of the scattered light.

At the present time the electronic designs, i.e., amplifying and
stabilizing circuits, have not been completed. However, a proposed general
circuit system has been laid out (Figure 12). The line power 13 fed to a
stepdown tranaformer and after this point it 1is recified to D.C. voltage and
smoothed. The power 1s then distributed to the tungsten filament lamp
amplifier, and high voltage supply. To prevent voliage fluctuations there are ¢
.ndependent voltiage regulators supplying the tungsten filament lamp and the
amplifier board along with the high power supply board. The photomultiplier
tube .s driven by the high power supply. The high power supply consist of a
high voltage tranaformer followed by a high voltage D.C. filter and regulator.
The signal coming off the photomultiplier tube 18 amplified and passed to a

pulse heignt discriminator to determine if the signal is real. TIf the signal
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i8 aubatant;nl .t .8 aent to a aample and nold wnere the peal voltlage 18
atored and Jater (ransferred Lo tne analop to diei1tal board., The analog

aipgna. .8 tnen canverted o on o die.tal sipnal oand atored in the microprocessor

T

fw, pure 170

Tne ana.og Lo dup.tal (ADY convertor (s n Tecnmar AD-1N0 with a TMata

Trana.ation PMHEID and reaidea in a T-10C Fxpannion Bus Figure 4%, ™he
Tecmar AT board .a conf.opured for an eipht cnannel differential convertor,

; p.as or minas 10 volts .npat, and inpat/output ‘T/0) mapped. Zero volt .nput

and +10 volt inpul correspurds to YWOOH and O7FFH, reapect.ively. Similarily,
1™ yolts .s secliuned (nto 2048 division rougnly f.ve millivolta apart with 1?2
rit accuracy and linearity. The Tecmar A’D board i1s capable of 25 KHz data
tnrougnput rate with an absolute full scale accuracy of plus or minus the

o)
leagt sign.ficant bit "LSB) or N.N25 percent. 3 .

[P

™ne Fxidy Sorcerer computer is a 780 based microprocessor containing 48K

-
.

ey
-

of memory and a 4MHz clock cycle. Tnere (s actually only 32K of RAM less the

24
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CP/M operating system. Peripherals consist of an Tntegral Dats Systems

y printer, Amdex CRT, one single density and one double density Micropolis disk

PRSI SO Y

.

dr.ve (16 hard sectored).

Tne printer 18 sirapped o accept parallel data and the CP/M operating

e
e Semit

aystem .s modif.ed from a serial list driver to a parallel list driver making

the two compatible. Paral.el data transmition :i8 chosen by virtue of 1ts high

data send.ng rate.

Individual picsal addressing for high reaolution graphs is not possible

‘.—WW -
&.,:‘ PRy

-

with the Fx.idy Surcerer computer. Rather the CRT 18 accessed in Rxf picsal L‘% d
matrices because of the Fxidy's screen RAM ].a!lyout.?4 ;gélj
In the follow.ng section the development of a software control system is ::{'i
discussed. Initially both the data acquisition and data maipulation progras *€}4
i

are written in Microsoft BASIC (Appendix T). As somewhat expected, the data
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At tion program tarned Gat Lo be eylremely a.ow, sabout twn orconds for . ‘
vaen data poant. On o tne baaea €~ pp apead datn retrieval tne datls

ial N
TUTALELLLOD PROPTAM L8 rewritten L0 onasembly lanpuage w.tn HORC opende’

-

“Append.x 11V, ne data neaa aitLon propram bascea, Ly 1Ll .mea e R
T.oroproceasor as a sofiware controgl.ed pulse nien doscriminntor, aample apd
ro.d, and data retr.ieval system. Fyen w.oth nagemh.y anguaapge, Lne ADOVe
sofiware parkapge proved Lo be Lo ‘ax.ng un tne Lime doma.n reqaired for nign
apeed data acquisition. Tne ma.n problem lies .n the asmple and nold por<ion
of tne program being SyncNronous, tne Lime aamp..ng .ntervalno are vwe far
é ApArt Lo atla.n Accurate peal ne grnis.  'w gther words, tne Lume to.erance or
prec.sion 18 Jnacceptable in comparinon w.th the ® millivolt rconvers.on imit
on the A/T board. ™o .ncrease Lhe rate of data retrieval and Lo allev.ate tne

t.me demands on the microprocessor, tne sample and hold and pulse neight -}

discriminator are nardware countrolied. Tne data scquisition program will

eventunlly be changed w0 an interrupt driven sabroutine to free up tne
microprocesaor to perform the dala manipulal.on program wnen no .mmed.ate data
.8 present. For reasons of lanpuage flexibililty, wiin respect Lo interrupt

routines, the .nterrupt driven data acquisition program is writlen witn 720

Bt ta

opcode Append.x TIT),

9. MORCLUSTONS

Vil Tamlt .

initina. stud.es nave .nd.icated tphal non-equilibr.um ;nfrared emission .s

observed from tne C1FO;H aerosol -~ NH,/HPO vapor reaction. However, due to

the relatively low ~m.ssion levels rompared w.th nigh levela of background “

x 3

emi8s810n, tnese results need to be reexamined. The monudisperse aerosnl D4
»

=)

generalor should be useful in future studies where monudi.sperse nigh number ?:
Ni

densitly aerosols of reactive fluids are required. The flow system designed 2";
I'N‘

for the investigation of the kinetics of rapid gas-aerosgl reactions should be e
adaptable to a variety of systems, but requires confirmatory testing. :,
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Figure 2. Radius as a Function of Flow Rate at Various Furnace Temperatures,
580°C (open), 728°C (closed), 790°C (half-tilled)
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Figure 3. Number Concentration as a Function of Flow Rate at Various Furnace
Temperatwres, 590°C (open), 725°C (closed), 790°C(half-tilled)
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Figure 4. Photograph of Aerosol at 1300x Magnification

- AU . .y

[) N " .
.. L X3 .
LR X P P R T N0 1o DRt W)

[ - g

e

T -
M w et Wy .
m—'-' PORLRVTES SRS FENLL I

e

- ¥ A e VBt e
. ﬁ.,&- ‘o




-~

o Denerchin

e

J9p1028J (H) ‘Hun |0JJUOD (D)
‘x0q uonounl (4) ‘peay i101d8jep Jejewoipes (3)
‘SIS (2) X0 pue (1) 8JUBLUS UUM Jjojewodouow (Q)
‘1eddoys (D) ‘Joinw (g) ‘wWesss |080J8E )
uol}oBeY |0S0I0Y-8BD WO} UDISS|W]
Y1 Bupsnseew O} snjeseddy jo wwuibeiq ¥ooig 'S 9.n01Jy

| é
(5 4 m”_ 8 .
a
' O
o

33

O
v




e

- L
. . .
, iy . .
2‘0 d . e

A B AR S )

-

e

i 1 A

10 12
wavelength (pm)

Figure 6. Emission Spectra at 32°C of (A) Fiat Target:
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Heated to 50% C
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Figure 9. Schematic of Gas—-Aerosol Reaction Experiment
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Figure 10. Schematic of Gas-Aerosol-Reaction System.
(A) Gas-aerosol Mixer (B) Reaction columns of various lengths
(C) Separation Column (D) Separation Reducer Cap
(E) Polycarbonate Fiiter Holder )
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APPENDITX

10 PRINT "ENTER FILLE NUMBER

20 INTUT F3

Ju FPRINT "ENTER NUMBER GR FARTICLLS YOQU WANT TO COUNT.*"

40 INPUT N

20 FHRINT “ENTER NUMBECR OF CHANNEL ON A/D CONVERTINN BOARD "

60 INPUT Y

/0 ouur 0.y

80 DIM HNY LI(NJ) ,FP(N), X (2048

yu e I=t TO N

160 oUT 1.0

Li1u L INPCOL)

120 1V S-0 COTO 110

13V HOI)Y:= INPCD

140 L1 = ;NP(2)

150 WEXT 1

16¢ IHhINT W' ARTICLEL HAVE BEEN COUNTED -
170 FPRINT “"UATA ACQUIZITIOM OVLEER .

VEO PHITY UU T v MANT TO SuE THE RAW DATAY" -
tyC PRINT “TYii 1 FOR HO., 2 FUK YL3
LUG SNEUT L . 2
210 1tV D=1 THEN 280 -
L 240 PRINT"COUNTS", "SIGNAL" !
. 230 FOR 121 TO N :
260 LET PCI)=H(I)*2%6+L(1) :
250 IF P(1),2048 THEN B(I1)=0 L
X 260 PRINT I,F(1) 3
270 NEXT 1 _5
(By PRIMT “WUOULD YOU LIKE A HARD COPY>" ~ b
290 PRI!NT “TYPE it FOR NO. 2z FOR YES b
. SU0 1NPUT M - 3
- 310 IF M-t THEN 340 : f
34U LPRINT COUNTS”,"SIGNAL" vl
330 FOR [=1 TO N vy
390 LPRINT I, PC1) :
330 NEXT I 2
JeU PRINT "DO YOU WANT TO SAVE RAW DATA?" bl
370 PRINT “TYPE t FOR NO., 2 FOR YES * 2
Jou HPUT K R
490 IF K=l THEN 41720 N §
¢UU LLET Ns="DATA"+F3 :
410 OPEN "O",%1.N$ Jﬁ
QiU FHRINI®L N 5
940 FOR I=} TO K 3
YU FNINTH®)Y , PCD) i:!,
>0 NEXT I '3
wou FHRINT “RAW DATA HAS BELN SAVED * Fl
470 PRINT "WOULD YOU TO PRCCESS DATA?" x5
asu FHINT "TYFE 1 FOR NO, 2 FOR YES." Fg.
490 INPUT B .2

200 1F HBxs) THEN 1390

$10 FOR 1a3 TO N

vV A=P(])

2340 XC(ADY=X(A) el

29U NEXT 1

23V PHINT "WCULD YOU LIKE TO SEL PROCESSED DATA?Y
%260 PRINT "TVYPE 1 FOR NO, 2 FOR YES "

Y7V INPUT T

580 IF T«1 THEN 640 L3

>yv FRINT “SICNAL"," 8 OF SIGNALS*"




~— r— - — -

10 it X(A)=0 THEN 630

20 PRINT A ,X(A)

13U NEXT A
-au PRINT "WOULD YOU LIKE A HARD COPY?"

%0 PRINT "TYPE 1 FOR NO, 2 FOR YES "
~eyU INPUT V

70 IF V=1 THEN 730
~su LPRINT “SICNAL","® OF SIGNALS"

90 FOR A=0 TO 2048

Uu tF XC(A)x=0 THEN 720
10 LPRINT A,XC(A)

40 NEXT A

30 PRINT "WOULD YOU LIKE TO SAVE PROCESSED DATA?"
40 PRINT "TYPE | FOR NO. 2 FOR YES "

*30 INPUT U
"60 IF U=l THEN 820

70 LET Ts="PDATA"+F$
>80 OPEN O™ ,02,T¢$
Y0 FOR A=0 TO 2048
300 PRINT®2 A, XCA)
310 NEXT A
:40 PRINT "YOU HAVE A MAX OF 2048 CHANNELS TO PLOT
230 PRINT “ENTER STARTINGC CHANNEL NUMBER . *“
340 INPUT C
*50 PRINT "ENTER FINAL CHANNEL NUMBER."
560 INPUT 2
+70 PRINT "HOW OFTEN WOULD LIXKE THE CHANNEL NUMBERS LABELED?"
380 PRINT "ENTER NUMBER OF SPACES."
*“y0 INPUT L
U0 PRINT" NORMALIZED NUMBER OF PARTICLES®

10 PRINT" R e R B R e el il Rt R E L R LR R L LR :

420 FOR AeC TO Z

330 IF AC10 THEN Es3

~q4u it A)=10 AND A(100 THEN Ea=2

250 IF A)e«100 AND AC1000 THEN Eal

v80 IF A)=1000 THEN Ea0

20 LET QaX(A)/N*SQ

8V LET GaCINT(Q)-1

290 IF A/L=sINT(A/L) THEN 1050

100U IF C(=0 THEN 1030

010 PRINT" i" SPC(G)"a"

1020 COTO 1090

1030 PRINT" i

.vueu GUTO 1090

.U30 IF C(a0 THEN 1080

.veu PRINT SPC(E)A"-" SPC(G)I"a"

070 COTO 1090 ,
Lusy PRINT SPC(E)A"-" »
.090 NEXT A

_10U PFRINT "DO YOU WANT TO REPLOT DATA?"
.110 PRINT “TYPE 1 FOR NO, 2 FOR YES
.140 INPUT X ;
130 IF Xet THEN 1130

.140 LUTO 820

.12y PRINT “WOULD YOU LIKE A HARD COPY OF THE PLOT?!"

.160 PRINT “TYPE i1 FOR NO, 2 FOR YES *“

.1/749 INPUT J

180 IF Jal THEN 1390

.1YU LPRINT" NORMALIZED NUMBER OF PARTICLES*®

.200 LPRINT” leceelcesclecsnleccelaccalrcenlrceclccaclaccc]aaca]

e, oF Wi

adA fy's

4yt
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!
L
b
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IR
e
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1210
1220
1430
12490
1ed>0
1260
1L00
1280
1¢vQ
1300
1310
1320
1830
1240
VY
1360
ravso
1220
tavry
1400
1430
1420
1430
1440
14850

FOR A=C TO 2
IF A¢C!10 THEN E=3

1F A>=10 AND AC100 THEN E=2
IF AY=100 AND A<{G00 THEN Esa1l
It AY>=1000 THEN E=0D

LET Q:=X<(A)/N*»5q

LET G=CIHT(O) -1

IF A/L=INT(A/LY THEN 1340

IF G<(=0 THEN 1220

LPRINT” 1" SPCCG) e
GCOTO 1380

LERINT" H

GOTO 1380

IF G(=0 THEN 1370

LPRINT SPCC(RIR"-" SPC(G)"w"

GOTO 1380

LPRINT SPCtEIA™-"

NEXT A

PRINT "MOULD YOU LIKE TO COLLECT HCORE
FRINT "TYPE 1 FOR NO, 2z FOR YES . ¥
INPUT W

I1F We! THEN 1450

ERASE H.L,P.,X

GOTO 10

END
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APPENDIX 11}
EXIT Lau ()
START Lxl SP,9000H,START STACK AT 9000
MV 1 H,00N JINITIALIZENGS DATA TTORAGY CirER
MV L,04H LJSETTTING NUNHER OF hUND TO &
FUSH ML LJSTORE TOTAL MNUNLBER UF DATA & :NTS AT
TOP OF MEMORY S7TACK
MV D.OOH JSETTINS PISGH UYTE FOX LDAL BANC
MV F.O1H JRETTING Lo BYTE FOR DEAD LAND
READ! M1 A.O JREAD CHANEL ©
ouUT 0 JEET MUK
OuUT 1 JSTART CUONVEKSION !
' LOOF 1 1 1 JREAD STATUYS
' RiC
¢ JHC Loory JIF BUSY, WALIT LOIGER
18N 03 JREAD HIGH bYTY
vnr 4l Levi anrt gl EYTE 4 TH LML RAND
JC READ. LIE VALUE 1S LOUWCR VHAN MIGH 2YTE Thoed p
READ CHANNEL 0 )
Jz COMP JIF VALUE 1S 0 THEM CCMFARE Low GYTE
MOV B.A ,STORET WALUI M nESIZ7TUn & } l
IN 2 ,READ LOW BYTE N
L' MOV C.A LSTORE VALUE IN RISISTER o l B
! JMP KEADZ L JUMP TO REAU CHANNLL .
COMP1 IN 2 ;READ LOW [v7TH K
) cMp E LCOMPARE LGN BYTE WVIVH DUYAD KiLD 13
f JcC KEAD: CJUMT T hbsL LMANTIDL E
MOV C.A LJETORE VvEiVE " oRUT UL T i
RELAD2 MV ALD CREAD CHANILL C ';
1 ouT 1 ;) START CONVERSION i
[ - LOOP2  IN ! ;READ STATUS >
RRC ¢
E JNC LOOP: ,1F BUSY WAIT LCNGER i
" IN 3 ,READ HI!CH BYVE i
CMP D ;COMPARE WITH HIGCH BYTE OF DEAD BRND 3
JNZ LEAVE L1F NON-ZLRO JUMP TO COMFARL Wi iM VALVE Q
ALREADY EXISTING :
CMP B ; COMPARE WITH VALUE ALRFEADY EXISTING ?
Jz COMP2 ,1F ZERO JUMP TO READ LOW BYTE P
IN 2 ;READ LOW HYTE 1
CMP E ;COMPARE VALUE WITH DEAD BAKD o
Jc SAVE JNEW VALUE NUST BE LOWER THAN CiAD CAND '4
S0 JUMP TO THE SAVE ROUTINE f}
JMP READ: ;JUMP TO READ CHANNEL 0 -y
LEAVE CHMP B ,COMPARE VALUE WITH KRECISTER B 3
Jc READ2 JIF VALUE IS LESS THAL EXISTING VAIUE ‘3
JUMP 70 READ CHANNLL 0 ¥
MOV ELA .STORE VALUE IN RECISTER B :’
IN 2 LREAD LUW LCYTE 4
cu1p c LCOMPARY SAD™L AITH BEGQISTOE ¥ TN
Jc RLAD2 JIF VALUE 1. LESS THAN EXISTING VALUL




______ et
I
N
a
THEN JUMP TO READ CHANMEL 0 !
MOV C.A ;STORE VALUE IN REGISTER C
JMP READ2 ;JUMP TO READ CHANNEL 0
coMPZ - IN 2 ;sREAD LOW BYTE
cCHP E ;,COMPARL VALUE TO DEAD BAND
JC SAVE ;IF LESS THAMN DEAD BAND JUMP TO SAVE
ROUTINE
cCMP c . 1F VALUE VWAZ GREATER THAN DEAD BAND
COMFARE WITH REGISTER C .
JC READZ 1F LESS THAM EXISTING VALUE, THER JUNP
TO READ CHANNEL O .
MOV C.A ,STORFE LARCER VALUE IM REGISTER C
JMP READ2 s, JUMP TO READ CHANNEL ©
SAVE PUSH BC ,MOVE MAX VALUE TO THE TOP OF MEMORY
STACK
! MV1 B,00H ,CLEAR REGISTER B FOR NEW VALUE IN NEXT
RUN
MVI C,00H CLEAR RESISTER € FOTo MEW VALYY N NEXT -
RUN ,
INR H ; INCREMENT VALUE IN ReCiZTER H 70O :
INDICATE ANOTHER PASS ;
MOV A.H iMOVE VALUE IN H REGISTER TO COMPARE .
CHMP L ; COMPARE VALUt WITH L REGIZTER WHICH ;'l
CONTAINS THE NUMBER PASSES TO BE RAN -
' JNZ READ1 . IF VALUE DOESMN'T EGUAL THY NUMBER OF P
b PASSES TO BE EXECUTED JUMP TO THE BEGINNING OF THE PRCIRAM AND 23
‘ READ CHAMNMNEL O P
[ JMP EXIT TYXIT TO CFM SYSTEM ; 3
L k
: LA
! .
[
. 1
Do, . &
] } “.
} : ‘
£
b
3
i
-

Vo

i wtpe




APPENDIX 111 ‘

EXIT £Qu 0
LD DE.0800H 1
LOOP} IN A, (O1H)
RRA
RRA
JP NC,LOOP1
LD A.(OOH)
ouT (OO0H) , A
ouT (O01H) A !
Loop? IN A.(01H)
RRA 4
; JP NC.LOOF2 ‘
; IN A, (D3IH) ‘
; LD H.A
N A, CO2ZH)
LD L. A -
Pe CHL -
INC pe ;
LD A.B f
cCP D I ;
JP NZ . LOCF1 © 2
LD A.C D]
\ cP E C s
{ JP NT L LOOP! N
. LEFS 07FFH. 00K LD
JF EXIT 33
.4
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